ABSTRACT
INTRODUCTION
Health and Human Services). Searches spanned 1990 to December 2015 without any language restriction, with 1990 being selected as a conservative estimate for the earliest likely publication of a systematic review on this topic, as this pre-dates some of the earliest work in this field.
Inclusion and exclusion criteria Population
This review considered systematic reviews of adult humans, who were mean age 50 years or older without clinically-diagnosed dementia/AD at baseline, including memory complainers and/or with mild cognitive impairment (MCI) as a result of the aging process, but not with cognitive impairment due to brain injury. Studies of older adults with AD /dementia were discussed, where there were no systematic reviews identified for adults without dementia/AD at baseline. Studies of participants with vascular dementia or studies using animal models were not considered for this review.
Types of interventions / phenomena of interest
This review considered systematic reviews that evaluated the effects of the intake of any dose of the following individual dietary components as neuroprotective agents for any duration. Included in the review were alpha-lipoic acid, acetyl-L-carnitine, choline, inositol compounds, omega-3 PUFA, and polyphenols. The review did not consider systematic reviews of combinations of dietary components or supplements, vitamin supplements, studies that combined drugs with a dietary intervention or studies of whole-of-diet approaches.
Types of outcomes
The review considered studies that included primary outcome measures from a range of cognitive function tests, brain imaging techniques, blood biomarkers of MCI and AD risk as previously described [5, 6] Types of studies The review considered published systematic reviews and meta-analyses on the listed dietary components.
Data extraction and synthesis
Studies identified for retrieval were assessed by two independent reviewers for methodological quality as per JBI methodology [7] prior to inclusion in the review. Data extracted from papers included details of the populations, interventions, study methods, and outcomes of significance to the question of this review article and specific objectives. The data were extracted and listed by intervention and levels of evidence using the National Health and Medical Research Council (NHMRC, Australia) criteria [8] as previously described [5] . While studies were categorized by study design, it should be emphasized that this does not automatically translate to the strength of the evidence, due to other contributing factors that were also assessed. Meta-analyses was not able to be conducted due to heterogeneity of the study designs, confounding factors that were not controlled for and the subjective measure of some end-point determinations.
RESULTS AND DISCUSSION
A summary of the studies evaluating the effects of acetyl-L-carnitine, alpha lipoic acid, choline, inositol compounds, and polyphenols on prevention of cognitive decline is shown in Error! Reference source not found. 1. No systematic reviews published
Polyphenols
Lamport et al 2012 [25] Systematic review III-2/3 2 Fifteen RCTs of 9-175 participants, 47-80+ years of age and 6 weeks -12 months duration and 4 cohort studies of 882-2,574 elderly participants, duration 3 months -13 years evaluated the association of consumption of a range of polyphenols on cognitive function on healthy or MCI adults. No clear evidence for an association between cognitive outcomes and polyphenol dose response, duration of intervention, or population studied. Rafnsson et al 2013 [24] Systematic review III-3 Two dietary intake studies of 342 and 1640 elderly participants for 3 and 10 years assessing the effects of flavonoids on cognitive decline, found a lower rate of cognitive decline with increased intake and no association respectively. Scholey and Owen 2013 [26] Systematic review II One RCT of 101 participants, ≥ 60 years of age and 6 weeks duration found no difference in cognitive performance following consumption of a chocolate bar (397mg proanthocyanins) and cocoa drink (357mg proanthocyanins) compared to placebo. 
Acetyl-L-carnitine
Acetyl-L-carnitine (ALC) is an acetylated form of L-carnitine that is naturally produced by the body; however, it is also taken as a dietary supplement. The effects of ALC on cognitive decline have been investigated in clinical trials, following studies that reported ALC offering protective effects to peripheral and nervous system synapses in neurodegenerative and aging animal models [9] . A Cochrane review conducted in 2003 and last assessed in November 2007, with the most recent report stating that there was some evidence for the benefit of ALC on Clinical Global Impression (CGI) at 12 and 24 weeks but not at 52 weeks, and a statistically significant treatment effect on Mini-Mental State Examination (MMSE) at 24 weeks but not at 12 or 52 weeks. Metaanalyses of the most commonly observed adverse effects (gastrointestinal effects) found no statistically significant differences between treated and control groups. The authors concluded that there was no evidence of benefit of ALC on cognition, severity of dementia, functional ability, or CGI as a continuous measure [10] .
A meta-analysis of 21 double-blind, placebo-controlled prospective, parallel group comparison studies of at least 3 months duration with daily doses of 1.5 -3.0 g/day in MCI and/or mild AD patients reported a significant beneficial effect of ALC compared to placebo on both clinical scales and psychometric tests over a six month period [11] . Meta analyses were conducted on clinical and psychometric tests individually in addition to a combined effect. The effect size (ES) for clinical global impression of change was significant, [ES = 0.32, 95% confidence interval (CI) = 0.18-0.47] while the ES for psychometric tests only became significant when drawing and learning tests were excluded from the analysis. When clinical and psychometric tests were combined into an integrated summary effect, a significant effect size of [ES=0.201, 95% confidence interval (CI) = 0.107-0.295] was observed. The effects were seen at the time of first assessment (3 months) and increased at the six month assessment of 16 studies; ALC was also well tolerated in all studies [11] .
These two systematic reviews assessed fourteen of the same studies; however, Hudson et al [10] included studies of any type of dementia and severity, while Montgomery et al [11] included only studies of MCI and mild AD as a diagnosis, due to previous studies reporting that ALC may be more effective in milder AD cases. The two reviews reached similar conclusions at 6 months. The importance of bioavailability studies to inform dose selection was also raised, due to the possible breakdown of ALC in both the gastrointestinal tract and liver having varying effects on the plasma levels of ALC in different individuals. Hudson and Tabet [10] found significant difference between the ALC and control groups at 12 months, but this assessment was not reported by Montgomery et al [11] . This raised the query of the sustained effect of ALC on cognitive outcomes, although it may also be due to ALC being more effective in milder AD cases. Therefore, the current evidence suggests the need for further studies to clarify the benefit on cognition in older adults from taking this supplement.
Alpha-lipoic acid
Alpha lipoic acid (ALA) has been postulated as a potential therapeutic agent in AD due to its ability to increase acetylcholine production by activation of choline acetyltransferase, chelate redox-active transition metals, and scavenge reactive oxygen species [12] .
A Cochrane review has assessed the role and clinical efficacy of ALA in the treatment of dementia. The review was undertaken in 2004 and last assessed up to date in 2008. As there were no randomized double-blind placebo-controlled trials (RCTs) investigating ALA for dementia, the authors concluded that there was no evidence of efficacy of ALA for dementia, and that therefore ALA could not be recommended for the treatment of any type of dementia [13] . Since this Cochrane review, there has been no additional evidence established. Therefore, the conclusion remains valid, with there currently being no evidence for the role of ALA in the prevention of cognitive decline in older adults.
Choline
Previous studies have determined that those who suffer from AD lack the enzyme responsible for converting choline into acetylcholine within the brain, and have hypothesized that lecithin, the major dietary source of choline, may fast-track the synthesis of acetylcholine in the brain through increased availability of choline [14] .
The effectiveness of lecithin for the treatment of dementia or cognitive impairment was evaluated in a Cochrane review [15] . Although out of the scope of this review, an assessment of ten randomized trials involving 265 participants with AD found no significant benefit on memory performance. However, a further single study of 90 participants with subjective memory problems reported a significantly positive result for lecithin [15] . The authors concluded that the evidence from randomized trials did not support the use of lecithin in the treatment of patients with dementia. Further trials are required to evaluate the role of lecithin in patients with subjective memory complaints to determine any clinical benefit of lecithin in the delay of cognitive decline. No additional evidence has been published since this Cochrane review.
Inositol
Scyllo-inositol has been found to inhibit cognitive deficits in mice and to significantly decrease insoluble amyloid -β 40 peptide, amyloid -β 42 peptide, and plaque accumulation in mice brains [16] . Previously, clinical trials have been undertaken using a range of doses of inositol or scyolloinositol [17] . However, there were no systematic reviews identified related to inositol and its effectiveness in delaying the onset of cognitive decline in older adults.
Polyphenols
Polyphenols are a group of naturally occurring secondary metabolites of plants, and are characterized by the presence of one or more phenolic units per molecule. Several classes of polyphenols have been assessed for their potential anti-aging and neuroprotective properties. These include flavonoids such as the anthocyanins that are commonly found in berries, grapes, and red wine, in addition to catechins which are typically found in tea [18] . Examples of bioactives from the non-flavonoids class of bioactives includes curcumin from turmeric and resveratrol from grapes and red wine. Curcumin has been reported to have a range of effects including, decreasing beta-amyloid plaques, delaying degradation of neurons, metal-chelation, anti-inflammatory, antioxidant and decreasing microglia formation, in addition to the improvement of the overall memory in patients with AD [19] . From in vitro studies grape seed polyphenolic extracts have been shown to offer beneficial disease-modifying bioactivities in tau-associated neurodegenerative disorders [20] . Resveratrol has been shown to have effects in in vitro models of AD and in in vivo animal studies, while moderate red wine consumption has been associated with a lower incidence of dementia and AD in epidemiological studies [21] , though clinical studies in humans are lacking. Through epidemiological studies, it has been reported that daily consumption of up to three servings of wine is associated with a lower AD risk in the elderly without the APOE ε4 allele [22] and moderate drinkers with MCI consuming less than 1 serving of wine per day demonstrated a significantly lower rate of progression to dementia compared to non-drinkers [23] .
A systematic review of population-based cohort studies examined the association of antioxidant nutrients with cognitive decline in older people [24] . Two of the studies included in the systematic review used dietary intake information to determine if there was any relationship between flavonoids and cognitive decline. While a three-year study found no association between a higher dietary level of flavonoids and a reduced likelihood of decline in global cognitive function, a second study observed that for participants with high (3rd and 4th quartiles) total dietary flavonoid intake there was a slower rate of global cognitive decline over 10 years.
Although out of the scope of this review, a systematic review [25] evaluated the effect of consumption of a range of polyphenols on cognitive function on healthy or mildly cognitively impaired adults. Studies on adults 50 years and over included 3 berry juice studies, 1 cocoa study, 10 isoflavone supplement studies, 1 flavonoid supplement study, and 4 epidemiological studies. While two of the three berry fruit juice studies showed potential cognitive benefits particularly for immediate verbal memory, the studies enrolled only up to 12 participants and lasted only 12-weeks. For cocoa there was no evidence from a 6-week study that suggested cocoa polyphenols were associated with cognitive benefits. While this outcome was also supported in a further systematic review [26] , the authors suggested that the lack of positive findings may be attributed to study methodology. Limitations in study methodology included variations in the types of food frequency questionnaires and foods used to estimate polyphenol intake, in addition to differences in the methods used to calculate polyphenol intake. While study methodology may have been a contributing factor to the findings, it is also important to note that 12-weeks is not sufficient duration to study cognitive decline as there is not likely to be any measurable cognitive decline in participants over such a short time frame; therefore this is a significant limitation of this study and other studies with short durations.
Soy protein, soy isoflavone supplements, and /or soy milk, were used for all isoflavone based interventions, except for one intervention that utilized a red clover supplement [25] . While studies showed significant improvements in the cognitive domains of delayed spatial memory (4 studies) and executive function (4 studies), lack of consistency in isoflavone dose, trial duration, cognitive tests used, and cognitive testing procedures, led to inconclusive findings for the cognitive benefit of isoflavones. A trial of 101 adults, mean age 68 years using a flavonoid supplement, an extract of French maritime pine bark (Pycnogenol®) found benefits in spatial working memory compared to a placebo after 3 months.
Three of the four epidemiological studies assessed by Lamport et al [25] , which were between 1 and 13 years in duration, observed both positive and negative associations with cognitive function, while a 3 month study found no association between flavonoid intake and the cognitive domains of memory, fluid intelligence, or verbal fluency. Comparison between studies was difficult due to variations in the types of food frequency questionnaires used, the differences in the methods and databases used to calculate polyphenol intake, and the lack of detail reported for cognitive testing procedures, which is a significant limitation in evaluating the evidence for polyphenol intake.
Following evaluation of the range of polyphenol sources, Lamport et al [25] concluded that declarative memory, particularly spatial memory, appears to be the most sensitive to polyphenol consumption and the effects may vary depending on polyphenol source. Overall, 11 studies reported cognitive benefits in some cognitive domains following polyphenol consumption.
While the findings indicate that polyphenol consumption may have some potential to benefit cognition, comparison between studies has not been possible due to methodological inconsistencies. Accordingly, no clear evidence could be established for an association between cognitive outcomes and polyphenol dose response, length of intervention, or populations studied.
Omega-3 PUFA
Omega-3 polyunsaturated acids are essential fatty acids, and docosahexanoic acid (DHA) is a major component of the membrane phospholipids in the brain, and has been widely reported to have anti-atherogenic, anti-inflammatory, anti-amyloid, and neuroprotective properties [27] . Through the evidence assessed from an array of observational and epidemiological studies, a possible association between high dietary intake of PUFA and lower risk of dementia has been proposed [28] [29] [30] . A summary of the studies evaluating the effects of omega-3 PUFA on cognitive outcomes for the prevention of cognitive decline is shown in Table 2 .
Four systematic reviews / meta-analyses representing level one evidence were identified evaluating the effectiveness of omega-3 PUFA in delaying the onset of cognitive decline in older adults.
A Cochrane review published in 2012 evaluated the effect of omega-3 PUFA supplementation for the prevention of dementia and cognitive decline in cognitively healthy people over the age of 60 years at study commencement [31] . This updates a previous Cochrane review completed in 2006 [32] . The Cochrane review included a total of 3536 participants from three randomized controlled trials of studies between 6 and 40 months in duration. Two studies delivered omega-3 PUFA in capsule form to participant diets, while the third study used a margarine spread. Placebos were either olive oil or sunflower oil capsules or margarine. The main outcomes of interest were cognitive decline, new dementia cases diagnosed over the course of the study, side effects, and adherence to the intervention.
Analysis of two studies involving 3221 participants found no difference between the omega-3 PUFA and placebo group in MMSE score at final follow-up, [mean difference -0.07. (95%CI -0.25-0.10)]. Similarly, other tests of cognitive function such as word learning and verbal fluency showed no beneficial effect of omega-3 PUFA supplementation in three studies of 1043 participants. Furthermore, it was observed that participants in both the intervention and control groups experienced little or no cognitive decline over the duration of the study. A possible reason for this relates to the use of olive oil as a placebo for those studies. Olive oil has confirmed heart health benefits which have been reported to be of possible benefits to brain health (and cognition) [33] . Wu et al [37] Systematic review with meta-analysis III-3 Meta-analysis of 5 prospective cohort studies of 488-8,085 participants, ≥55 years of age and 2.1-9.6 years duration, found no significant association between omega-3 PUFA intake and AD risk. A higher intake of fish was associated with a lower risk of AD. Lin et al 2012 [43] Systematic review with meta-analysis
A meta-analysis of 10 observational studies of 10-725 elderly participants found that the levels of EPA, DHA and total omega-3 PUFA were lower in patients with dementia. A further meta-analysis of 5 studies found that the levels of EPA, were significantly lower in patients with predementia syndrome. Dangour et al 2010 [42] Systematic review II, III-3 2 Eight prospective cohort studies of 79-5,395 participants >50years of 3.9-21 years duration/follow up and 4 RCTs of 20-174 participants, >50years and 1-12months duration found insufficient evidence for an association of omega-3 PUFA with cognitive decline or dementia. Williams et al 2010 [2] Systematic review III-3 Two systematic reviews and two cohort studies 404 -7,814 participants of 3-6 years duration suggest a possible association between higher consumption of omega-3 PUFA and less cognitive decline.
Fotuhi et al 2009 [38] Systematic review III-3 Three cohort studies of 210-3,718 elderly participants of 4-6 years duration reported that omega-3 PUFA was associated with a modest benefit in slowing cognitive decline in elderly individuals without dementia.
Issa et al 2006[39]
Maclean et al 2005 [40] Systematic review III-3 One RCT of 20 elderly males of 12 months duration and 4 cohort studies of 815-5,386 elderly participants of 12-46.8 months duration assessing the effects of omega-3 PUFA intake found insufficient evidence to determine the effects of omega-3 PUFA on cognitive function in normal ageing or on the incidence or treatment of dementia, although there was limited evidence suggesting a possible association between omega-3 PUFA and reduced risk of dementia. Yurko-Mauro et al 2015 [36] Systematic review III-3/IV 2 Ten observational studies of 79 -2251 elderly participants, mean age >50 years, of 3 months to 50 years duration, supported an association between intake/blood levels of DHA/EPA and memory function. 2. This systematic review evaluated studies representing different levels of evidence Abbreviations: RCT, randomised controlled trial; MCI, mild cognitive impairment; AD, Alzheimer's disease; PUFA, polyunsaturated fatty acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid A meta-analysis of the neuropsychological benefit of omega-3 PUFA supplementation in ten RCTs of healthy, mild cognitive impairment or AD participants of at least 50 years of age was undertaken by Mazereeuw et al [34] . The study quantitatively assessed specific neuropsychological domains, and Hedge's g was used to provide a standardized estimate of effect size for combining the multiple cognitive tests. The results showed that there was no effect of omega-3 PUFA on composite memory (g = 0.04 [95% CI: -0.06-0.14], N = 934/812, p = 0.452). When examined by domain, no overall benefit was observed for immediate recall, delayed recall, recognition, working memory and executive function, or attention and processing speed. Similarly, no benefits were observed in measures of global cognitive function using MMSE or Alzheimer's Disease Assessment Scale-Cognitive Subscale (ADAS-cog). However, sub-group analysis revealed that when assessed by diagnosis, a benefit of omega-3 PUFA supplementation was detected in MCI subjects for immediate recall (0. There were no benefits observed for delayed recall, recognition memory, or working memory and executive function. Treatment did not benefit AD patients as measured by the MMSE or ADAS-cog [34] . Although out of the scope of this review, a further meta-analysis [35] assessing many of the same studies (eight studies overlapped), reached similar conclusions of no evidence of an effect of omega-3 PUFA supplementation on significantly improving cognitive performance. Similarly, the meta-analysis also showed a significant difference in the specific cognitive domain of attention with omega-3 PUFA supplementation (Standardised mean difference: 0.13; [95% CI: 0.01-0.25]). However, this meta-analysis included both cognitively healthy and MCI participants, which differed from that of Mazereeuw et al that included only MCI participants [34] .
A meta-analysis of five studies [36] found that DHA supplementation, either alone or in combination with eicosapentaenoic acid (EPA), significantly improved episodic memory of adults > 45 years with MCI. This supports the study previously reported by Mazereeuw et al [34] , where immediate recall in the sub-category of episodic memory, was significantly improved following supplementation for participants with MCI at baseline. Omega-3 PUFA was significantly associated with semantic and working memory changes from baseline in the >45 years age group regardless of cognitive status; however, this association was not significant for between-group analysis [36] .
Although some participants in the study were in the 18-35 years age group and therefore out of the scope of this review, it is still interesting to note that Yurko-Mauro et al [36] found that supplementation with one g/day omega-3 PUFA significantly improved episodic memory, semantic memory, and working memory, regardless of cognitive status at baseline. Further subgroup analysis showed that for episodic memory, DHA intake above the mean DHA level studied (580mg /day) resulted in significant improvements in all study participants (P< 0.009) and in the MCI group (P<0.019) but not in the cognitively healthy group. Further analysis determined that the effect appeared to be driven by studies where supplementation was 501-999mg DHA / day.
A meta-analysis of prospective cohort studies [37] , representing level three evidence, found that a higher dietary intake of omega-3 PUFAs was not significantly associated with a lower risk of AD when compared to a lower dietary intake (RR= 0.8, 95%CI 0.74-1.08). It was also determined that a higher intake of fish was associated with a 36% (95% CI 8-56%) lower risk of AD. The association was stronger in studies where fish intake was at least 500 g / week and the follow up duration was 5 years or more. The dose response meta-analysis observed that an increment of 100g of fish intake per week was associated with a lower risk of AD (RR = 0.89, 95% CI 0.79-0.99).
A further seven systematic reviews representing level three or level four evidence were identified [2, 36, [38] [39] [40] [41] [42] , with many studies assessed by these authors included in meta-analyses discussed above. Outcomes of these systematic reviews included insufficient evidence for an association between omega-3 PUFA and cognitive decline [42] , a possible association between high consumption of omega-3 PUFA and less cognitive decline [2, 39, 40] , a modest benefit in slowing cognitive decline for individuals without dementia [38] , improvements in some cognitive domains for MCI but not advanced AD [41] , a beneficial association between omega-3 PUFA and memory function in older adults [36] , through meta-analysis that total omega-3 PUFA (ES = -0.46, P = .001), were decreased in patients with dementia compared to healthy subjects [43] .
As the results of further RCTs becoming available for the combining of studies and metaanalyses of data, there is some evidence that omega-PUFA may have an effect within specific cognitive domains, such as episodic memory for MCI participants. There is also some evidence that doses above 1g/day omega-3 PUFA may have a beneficial effect on episodic memory regardless of cognitive status [36] ; however the results of the available studies showed no benefit for cognitive function with omega-3 PUFA supplementation among cognitively healthy older people. Longer studies of 12 months minimum, but preferably longer are required, with appropriate placebos, where greater measurable changes in cognitive function may occur, to enable evaluation of the effects of omega-3 PUFA in preventing cognitive decline. Further consideration to overall fat consumption across life stages should be addressed, as evidence from epidemiological studies has suggested that elevated saturated fatty acids could have negative effects on age-related cognitive decline and MCI and a reduced risk of cognitive decline with high intake of monounsaturated fatty acids and PUFA, particularly omega-3 PUFA [30] .
There continues to be an extensive ongoing series of studies assessing the role of dietary components in cognitive decline. While this has enabled the pooling of results and the critical appraisal of studies in a series of systematic reviews and meta-analyses, this has not enabled definitive conclusions. Limitations include the heterogeneity between studies as highlighted through the systematic reviews, where study duration often ranged from weeks to years, the age of participants ranging from 40 -100 years, and large variations in supplement doses and the enormous range of cognitive tests used. Furthermore, the methodological approaches used to measure cognitive performance domains need to be more uniform and selected to ensure cognitive outcome measures are sensitive enough to detect treatment effects in the required cognitive domain. For example, Macready et al [44] examined the methodological approaches used to determine the effects of flavonoid supplementation on cognitive performance in humans and found that the 15 existing human dietary intervention studies assessed used a total of 55 different cognitive tests over a broad range of cognitive domains. The current standardized neuropsychological tests used for nutritional interventions has also been discussed as potentially being ill-suited for detecting subtle cognitive changes that may be expected from nutritional interventions [45] . Thus, consensus on an agreed clinically relevant battery of neuropsychological tests appropriate for nutritional outcomes delivered over an agreed time frame would enable comparison across studies.
CONCLUSION
This review provides the current state of knowledge from systematic reviews on the effects on cognitive decline in older adults of acetyl-L-carnitine, alpha-lipoic acid, choline, inositol compounds, omega-3 PUFA or polyphenols, which are all commonly studied nutrients for neurocognitive effects. While the reviews on acetyl-L-carnitine, alpha-lipoic acid, choline and inositol compounds focused on cognitive decline, the studies of polyphenols and omega-3 PUFA's also included studies assessing cognitive performance. Many of the systematic reviews representing level 1 evidence assessed many of the same studies; thus, less weight can be given to the conclusions of this review. A critical evaluation of the current evidence available from systematic reviews indicated that there are no clinically-relevant effects from supplementation with these nutrients as a neuroprotective therapy for delaying the onset of cognitive decline in older adults. Competing Interests: The authors both contributed to the design of the review, the analysis of evidence and to the writing and editing of the final manuscript. None of the authors have a conflict of interest.
